We provide an econometric analysis of whether or not the tariff preferences extended to Canada and Mexico under NAFTA may have resulted in trade diversion. A review of previous studies, both descriptive and econometric, suggests that trade diversion has occurred especially as evidenced by Mexico's increased shares of U.S. imports apparently at the expense of several Asian countries. We use a conceptual framework based on a partial-equilibrium model of differentiated product industries under monopolistic competition for many countries. The model is implemented empirically using a fixed-effect panel analysis of U.S. imports at the Harmonized System (HS) 2-digit level for the period, 1992-98. Of the 70 sets of regressions that were run, the coefficients of the tariff rates were statistically significant in 15 cases. The strongest evidence of trade diversion was found mainly for U.S. imports of textile and apparel products. We also estimated regressions for selected commodities at the HS 4-digit level. The results suggest trade diversion for textiles, apparel, and some footwear products but not for trade in motor cars and vehicles and television receivers, which may have been more influenced by changes in foreign direct investment and outsourcing rather than tariff preferences.
I. Introduction
Prior to and since the inception of the North American Free Trade Agreement (NAFTA) in January 1994, there has been a great deal of interest in policy and academic circles about the impact that NAFTA might have on the trade and economic welfare of the NAFTA members -Canada, Mexico, and the United States -and nonmembers. In this paper, we investigate the effects of NAFTA on trade diversion at a highly disaggregated level of commodity detail. The rationale for this approach is that the creation of a preferential trading arrangement like NAFTA involves the interplay of the removal of the differential structure of tariffs between member countries and the maintenance of these national tariffs with respect to nonmembers. In addition, we know that rules of origin were designed to provide special preferences for selected sectors in the NAFTA to the possible detriment of nonmembers.
We begin in Section II with a brief review of the complexities of distinguishing the effects of NAFTA from the myriad of other forces at work before and following the inception of NAFTA. We also discuss the approaches and conclusions of some pertinent studies of the effects of NAFTA. In Section III, we discuss the conceptual framework that provides the basis for our analysis and, in Section IV, the empirical implementaion of our econometric investigation and a description of the data. Our empirical results are reported in Section V. Conclusions and implications for further research are presented in Section VI.
II. NAFTA in Context and a Review of the Literature
If we were able to do a controlled experiment, we would want to compare the economic situation before and after NAFTA was created. Unfortunately, in the social sciences, the ability to construct a controlled experiment is typically hampered because other things are happening that will serve to depreciation after 1994. Finally, on the basis of fitting some gravity equations, she found little evidence that trade patterns had been significantly altered by preferential trading arrangements, although the results did suggest that NAFTA countries imported less than predicted from nonmember countries.
2 On the basis of the foregoing, Krueger concluded that NAFTA was almost certainly tradecreating rather than trade-diverting.
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In some earlier work, Krueger (1993 Krueger ( , 1999a called attention to the importance of rules-oforigin (ROO) as protectionist devices in free trade agreements. In this connection, James and Umemoto (1999, 2000) focused attention on the restrictive ROO affecting especially market access in NAFTA for textiles and wearing apparel from East Asia. On the basis of examining changes in market shares prior to and following the implementation of NAFTA, they concluded that there was prima facie evidence of trade diversion. They also examined changes in trade shares of footwear and electrical machinery, which were subject to ROO in the NAFTA, and concluded that there was little evidence of trade diversion in footwear and none in the case of electrical machinery. James and Umemoto present a model of ROO, but they do not implement this model in their empirical analysis of changes in trade shares. Burfisher, Robinson, and Thierfelder (2001) provide a useful survey of the impact of NAFTA on the United States that covers both macroeconomic issues and structural adjustments. They point out the fallacies in much of the macroeconomic discussion related to NAFTA involving the effects on 2 For more comprehensive studies of preferential trading arrangements using a gravity-model approach, see Soloaga and Winters (2001) and Wall (2002) . Solaga and Winters find no evidence of trade diversion from NAFTA. However, Wall (p. 31) finds that: "… because of the North American bloc, total Japanese exports and imports were, respectively, 5.4 percent and 9.2 percent lower, implying a 7 percent decrease in Japanese total trade with the world." Coughlin and Wall (2000) use a gravity-model approach in analyzing how NAFTA has changed the pattern of exports of U.S. states to foreign geographic destinations. See also Karemara and Ojah (1998) for a gravity-model analysis comparing the trade impacts for selected manufactures for the ASEAN members and NAFTA. Their data end in 1993, however, so that they do not capture the trade effects following the inception of NAFTA in 1994.
3 Agama and McDaniel (2002) estimate aggregate import-demand functions using quarterly data on real exports and imports and U.S. and calculated Mexican tariff rates for 1983-2001. They conclude (p. 3) that: "On average, a one percentage point increase in the tariff preference corresponds to somewhere between an 11.2 and 16.5 percent increase in U.S. import demand for Mexican goods, and an additional 2.4 to 3.8 percent, respectively, during the NAFTA period. On the export side, a one percentage point increase in the NAFTA tariff preference corresponds to roughly a 5.1 to 6.7 percent increase in Mexico's demand for U.S. goods."
crisis. With regard to structural adjustments, they focus on agricultural transition, the rationalization of automobile production and parts, and the effects of ROO on textiles and apparel. They note that intra-NAFTA trade in agricultural products has risen, and there is evidence that Mexico has taken steps to liberalize its agricultural policies and to lock in these reforms. Prior to NAFTA, Mexico had significant distortions in its automobile sector, and, with NAFTA, these distortions were phased out.
In negotiating NAFTA, it was specified that vehicles should have a 62.5 percent North American content. In response to the phase-out of the Mexican restrictions and implementation of the ROO, Burfisher et al. cite evidence of significant rationalization effects in the production of autos and parts that have benefited the North American auto industry. However, they do not address the question of whether trade diversion has occurred. Finally, with regard to textiles and apparel, Burfisher et al. conclude that there is rather clear evidence of trade diversion especially vis-à-vis East Asia, which corresponds to what James and Umemoto (1999, 2000) found in their research as noted above. Arndt and Huemer (2001, 2002) provide graphical analyses of the changes in the dollar value of U.S. exports and imports and the shares accounted for by Canada, Mexico, and Japan on a quarterly basis from 1990-I to 2001-II. Since the inception of NAFTA in 1994, Mexico has displaced Japan as the second largest market for U.S. exports while Canada's share of U.S. exports has remained relatively unchanged. What is more striking is that Mexico's share of U.S. imports has risen from around 8 percent in 1994 to 12 percent in 2001, while Japan's share has fallen from about 18 percent to 12 percent in this same period. Arndt and Huemer also depict changes in U.S. imports and import shares at the industry level for motor vehicles, television sets, and textiles and apparel. They show that
Mexico apparently increased its share of U.S. imports of automobiles at the expense of Japan, its share of U.S. television imports at the expense of China, Japan, Korea, and Taiwan, and its share of U.S. imports of textiles and apparel at the expense of China and other Asian suppliers. Finally, Arndt and Huemer provide graphical evidence of the importance of foreign outsourcing from the United
States to Mexico especially and to Canada for motor vehicles, television sets, and textiles and apparel.
While this outsourcing predates NAFTA, they show that there has been a significant increase in U.S.
exports of components to and imports of end products from its NAFTA partners since 1994. Arndt and Huemer conclude accordingly that NAFTA has had a significant impact on intra-North American trade through the combination of discriminatory tariff reductions resulting in trade diversion and through increased outsourcing that reflects the reorganization and relocation of production and the exchange of component inputs and end products.
By far the most ambitious and comprehensive study of the trade effects of NAFTA is Romalis (2001), which came to our attention after we had completed our own study. Setting out a conceptual We turn now to our own research, which, as mentioned, will focus on a disaggregated level for selected manufactured goods, using a version of the gravity model that may serve to identify the presence or absence of trade diversion as the consequence of NAFTA. Our work is related to what James and Umemoto and Arndt and Huemer have done descriptively in analyzing intra-NAFTA trade and is in the same spirit as Romalis insofar as we use an explicit theoretical model and econometric analysis to try to identify the forces at work that have affected NAFTA's trade.
III. Conceptual Framework
In order to illustrate the effects of NAFTA, we focus on how it may have affected the shares of member and non-member countries in U.S. imports at a detailed commodity level. For this purpose, we have developed a partial-equilibrium trade model of differentiated-product industries under monopolistic competition with N countries. The model is patterned after earlier work along these lines by Helpman and Krugman (1985) , Markusen (1986) , and Bergstrand (1989) . The technical details of the model can be found in Fukao, Okubo, and Stern (2003) .
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According to the model, with product differentiation, the percentage of imports from country n in U.S. total imports of industry z products depends on the relative import price (including tariffs) of country n's products in U.S. total imports of industry z products and the variety of products supplied by industry z in country n. In the model, the relative import price of country n's product in U.S. total imports is mainly determined by U.S. trade barriers against country n, country n's relative wage rate, and cost of transportation from country n. Because of the free-entry assumption, the variety of industry z products supplied by country n is endogenously determined by the zero-profit condition.
Country n's variety of industry z products is a decreasing function of this country's relative wage rate and other countries' trade barriers against this country. It is also an increasing function of this country's endowment of the industry z specific factor, which we assume to be constant over time.
In the model, the creation of NAFTA will reduce U.S. imports from non-member countries through the following two mechanisms. First, it will increase the relative import price (including tariff) of the non-member countries' product in U.S. total imports in comparison with the import price of member countries. Second, it will reduce the variety of industry z products supplied by nonmember countries. The magnitude of the second effect will be greater if the United States is an important destination of non-member countries' exports. Therefore, the percentage of imports from country n in U.S. total imports depends on the relative U.S. tariff rate on country n's products and the product of the relative U.S. tariff rate on country n's products and the percentage of exports of the commodity from country n to the United States in the total exports of this country.
As indicated in Fukao, Okubo and Stern (2003) , the conceptual basis for our empirical analysis is given by equation (1):
where s z,n,1 , w n , and T z,n,1 denote the percentage of imports from country n in U.S. total imports of industry z products, country n's wage rate, and one plus the tariff and tariff equivalent of non-tariff barriers of U.S. imports used in the output by industry z in country n. v z,n,1 is the percentage of exports of industry z in country n. λ z,n depends on country-specific factors such as distance from the United States and each country's endowment of industry-specific production factors ε z,n (t) is the usual error term. The three elasticity values, λ z,1 , λ z,2 , and λ z,1 , are positive. Using panel data, we can estimate the above equation as a fixed-effect model.
IV. Empirical Implementation
As stated, our objective is to evaluate the trade-diversion effects from the creation of NAFTA in the U.S. import market on the basis of equation (1). For this purpose, we use a fixed-effect panel analysis for manufactured commodities at the Harmonized System (HS) 2-digit level from 1992 to 1998. Data for 1998 were the latest comprehensive data available at the time of writing. Our regressions cover the entire spectrum of U.S. manufactured goods imports, HS 30 to HS 99, for the domain of U.S. trading partners.
From our theoretical analysis, we derived the following equation for regression analysis:
The dependent variable is the natural logarithm of each country's import share in the U.S. market for each commodity in each year.
5 On the right-hand side, the first independent variable is the natural logarithm of wage rates in each year in each exporting country. We approximated each exporting country's wage rates by its GDP per capita in U.S. dollars. The second independent variable is the natural logarithm of one plus U.S. tariff rates against each exporting country. The third independent variable is the product of the percentage of exports of the commodity from each country to the United States in total exports of this country in 1991 and the natural logarithm of one plus tariff rates toward each export. 6 According to our theoretical model, we expect negative signs for the coefficients of these three variables. 7 In order to control for country-specific factors that are not included in the independent variables, such as distance from the United States and each country's endowment of industry-specific production factors, we use country dummies. The time dummies stand for macro shocks such as changes in average U.S. tariff rates against all the countries and changes in world GDP.
The import shares are calculated from the HS 2-digit import data in U.S. Census Bureau, U.S.
Imports of Merchandise on CD-ROM and U.S. Imports History on CD-ROM. GDP per capita data are from the World Development Indicators on CD-ROM 2000 (World Bank). Percentages of each
country's exports of each commodity to the United States in total exports of this country are taken from Statistics Canada, World Trade Analyzer. Data on bilateral tariff rates are taken from the 5 When one country's import share is zero, we treated it as a missing observation. Therefore our data are an unbalanced panel. If there were some variables that strongly affect the chances for observation (non-zero imports) but not the outcome under study, it would be more appropriate to take account of the sample-selection process by estimating a selection model, such as Heckman (1979) . But in our case, there seems to be no such variable. So we did not take account of sample-selection bias. For more detail on this issue, see Manning, Duan, and Rogers (1987) . 6 In addition, we considered U.S. NTBs. We used frequency measures of U.S. NTBs in 1993 at the HS 4-digit level, obtained from OECD, Indicators of Tariffs and Non-Tariff Trade Barriers 1997. We assumed that U.S. NTBs against all the countries were identical and constant until 1993, and that the NTBs against Canada and Mexico became zero after 1994. Therefore, our NTB variables were almost identical with the NAFTA dummy variables. As a consequence, we do not report below the results using the NTB measures. 7 The question arises as to whether using import shares as the dependent variable is the best way of getting at trade diversion. That is, changes in import shares may be influenced by a variety of structural factors on both the supply and demand sides that, as noted above, are not being taken into account in the model.
TRAINS dataset of UNCTAD. 8 The data at the 2-digit level are compiled by taking a weighted average of 6-digit HS tariff rates, using U.S. import shares of each 6-digit HS commodity in 1991 as weights.
As we will report in the next section, a z,3 , the estimated coefficients of the product of the percentage of exports of the commodity from each country to the United States in total exports of this country in 1991 and the natural logarithm of one plus tariff rates toward each export are not significant and do not have the expected negative sign in many commodities. Because of this we have also estimated the following equation, which does not include this variable:
Both reductions in tariff rates among NAFTA countries and removal of NTBs might have trade-diversion effects. In order to check this, we replaced the tariff variables with a NAFTA dummy in equation (4) below. The NAFTA dummy takes value one for Canada and Mexico after the creation of NAFTA in 1994. In order to take account of the fact that NAFTA trade barriers are phased out gradually over time, we also used a lagged NAFTA dummy in equation (5), which takes value one for Canada and Mexico after 1995:
We expect positive signs for coefficients of the NAFTA dummy and the lagged NAFTA dummy.
The above equations (2)- (5) were estimated by OLS with fixed effects with a correction for first-order autocorrelation in the disturbances. It should be noted that there is a possibility that industries defined by HS 2-digit codes might be too broad and include too many commodities with different characteristics. To take this into account, we have also estimated the above equations for selected industries at the HS 4-digit level from 1992 to 1998.
V. Empirical Results
As mentioned above, we estimated regression equations for the HS 2-digit U.S. imports of manufactured goods for the period, 1992-98. There were 60 sets of regressions that were run. It turned out that the coefficients of the tariff rates were statistically significant in 15 of the 60 cases. The results for these 15 cases are reported in boldface in table 1.
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For the 15 commodities noted in table 1, the coefficients of tariff rates were negative and significant at the 5% level in either equation (2) or (3). In most cases, these coefficients were generally greater than 20. When this coefficient takes a value 20, it means that a 5% reduction of U.S. tariff rates on imports from one country will double that country's share in U.S. total imports. Therefore, our results suggest that tariff rates have significant effects on U.S. trade in the case of these commodities.
We should note that for a substantial number of commodities, such as pharmaceutical products and electric machinery, U.S. tariff rates on imports from Canada and Mexico were negligible even before 1994. In these cases, we cannot argue that NAFTA had a significant trade-diversion effect. Table 2 shows U.S. tariff rates on imports of the fifteen commodities from Canada and Mexico in 1993 and 1996. For six of the fifteen categories, indicated in boldface, U.S. tariff rates on imports from either Canada or Mexico were greater than 2.5% in 1993. Probably we can infer relatively large trade-diversion effects in these uses.
To clarify matters in more detail, figure 1 shows U.S. tariff rates on imports from Canada, Mexico, and the rest of the world and the two NAFTA country shares in U.S. imports for each of these 6 commodities. It would appear that for textiles and apparel products, which include HS 51 although U.S. tariff rates towards Canada and Mexico were reduced after 1994, the tariff rates towards the non-NAFTA countries were also reduced. We do not observe therefore substantial increases in the Canadian or Mexican shares in U.S. imports in these two cases. We conclude therefore, based on figure 1 and our regression results in table 1, that the creation of NAFTA had significant trade-diversion effects on U.S. imports mainly in the cases of textile and apparel products.
As already mentioned, it is possible that commodities defined by HS 2-digit codes might be too broad and include too many commodities with different characteristics to permit rigorous analysis.
To take this into account, we have also estimated our equations for selected commodities at the HS 4-digit level from 1992 to 1998. The commodities have been selected following James and Umemoto (1999, 2000) , who focused on such labor-intensive goods as textiles, apparel, leather products and footwear, and electronic products. We also included motor cars and vehicles since these were subject to a rule of origin as noted earlier. In order to take account of the fact that NAFTA tariffs are being phased out gradually over time, we also used a lagged NAFTA dummy, which takes the value one for Canada and Mexico after 1995. In the case of automobile trade, the United States had already liberalized its imports from Canada prior to NAFTA. To take account of this, we used a Mexico dummy, which takes the value one for Mexico after 1994 for regressions for "motor cars and vehicles."
Before evaluating the regression results, we provide in figures 2 and 3 an overview of U.S. tariff rates and imports from NAFTA and non-NAFTA countries for the seven commodities defined by the HS 4-digit codes that we have selected. For almost all commodities, Canada and Mexico received substantial tariff margins of preference after NAFTA, and it can be seen that NAFTA tariffs were phased out gradually over time. We should further note that tariff rates were very low in the cases of "TV receivers" and "motor cars." It appears from figure 2 that, in the cases of apparel, such as "T-shirts" and "socks," and "TV receivers" and "motor vehicles," Mexico increased its share in U.S. imports more substantially than Canada. Canada gained more in "travel goods" and "waterproof footwear."
The regression results are reported in detail in table 3 and summarized in table 4. It is evident that both tariff rates and the NAFTA dummies are significant in general. For "travel goods" and "motor cars," neither variable is significant.
10 For "socks," only the NAFTA dummy is significant.
For "TV receivers," only tariff rates are significant. For many commodities, GDP per capita is insignificant or has an unexpected positive sign.
It thus appears from these more disaggregated results that NAFTA has resulted in significant trade diversion especially in textiles, apparel, and some footwear products. Since U.S. tariff rates were relatively low in the cases of "TV receivers" and "motor cars," and since it may be the case that foreign direct investment and outsourcing are important in these industries, the changes in import shares noted may reflect these determinants, which lie outside the focus of our model.
VI. Conclusions and Implications for Further Research
In this paper, we have developed and implemented a framework for analyzing how tariff preferences in the NAFTA may affect U.S. imports from Canada and Mexico. Based on trade and tariff 10 Probably, we obtained insignificant results in the case of "travel goods" because this category covers too many different types of commodities.
suggested that NAFTA has resulted in trade diversion especially in U.S. imports of textiles and apparel products from Mexico. Evidence based on other studies suggests that these imports have come at the expense especially of Asian suppliers.
Our research and some of the other studies that we have noted demonstrate the importance of commodity disaggregation in analyzing the effects of preferential trading arrangements as well as the need to consider how foreign direct investment and outsourcing may have interacted with tariff preferences in influencing patterns of trade and specialization in the NAFTA and non-NAFTA countries. 4 1992 1993 1994 1995 1996 1997 1998 1 C a n a da M e x ic o
